Model-free wind farm power production optimization using multi-resolution optimized relative step size random search by Mok, Ren Hao
  
 
MODEL-FREE WIND FARM POWER 
PRODUCTION OPTIMIZATION USING 
MULTI-RESOLUTION OPTIMIZED 













Master of Science 
 
UNIVERSITI MALAYSIA PAHANG 
 
 SUPERVISOR’S DECLARATION 
I hereby declare that I have checked this thesis and in my opinion, this thesis is adequate 





 (Supervisor’s Signature) 
Full Name  : DR. MOHD ASHRAF BIN AHMAD 
Position  : SENIOR LECTURER 





 (Co-supervisor’s Signature) 
Full Name  :  
Position  :  
Date   : 
 STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti Malaysia 




 (Student’s Signature) 
Full Name : MOK REN HAO  
ID Number : MEL16011 




Model-Free Wind Farm Power Production Optimization Using 








MOK REN HAO 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the degree of 





Faculty of Electrical & Electronics Engineering 








Firstly, I would like to thank my supervisor, Dr. Mohd Ashraf Bin Ahmad for being 
particularly supportive during the pursue of my Master's Degree in University Malaysia 
Pahang (UMP). His excellent academic guidance and vast knowledge had been valuable 
in assisting me towards the completion of my research. His patience in ensuring the 
fruitful progress of my study is highly valued, and the time he spent doing so was beyond 
the call of duty.  
I would also like to acknowledge my most profound appreciation for the tremendous 
support given to me by my family, especially my mother. They had given both spiritual 
and emotional encouragement, as well as financial assistance in helping me towards 
fulfilling my dream. My beloved mother was the shoulder to lean on, especially when I 
was faced with challenges as my study progressed during these two years of research. I 
would also like to thank my colleagues for the friendship and supportive words they had 
given me. 
Finally, I would like to take this opportunity to thank the Institute of Postgraduate Study 
(IPS) of UMP for providing me with two years of financial assistance from the Master 
Research Scheme (MRS). In addition to that, I had received financial support for 
publications from the Post-Graduate Research Scheme (PGRS1703105). These aids had 
given me considerable amount of financial relief, which further helped me tremendously 






Kajian ini menyelidiki prestasi kaedah Multi-Resolution Optimize Relative Step Size 
Random Search (MR-ORSSRS) untuk meningkatkan jumlah pengeluaran tenaga ladang 
angin. Penyelidikan ini telah dilakukan mengikut susunan ladang angin Horns Rev yang 
mempunyai 80 turbin angin untuk mengatasi masalah seperti perbezaan arah angin antara 
170°, 200°, 220°, 240°, 250° dan 270°, lima turbin angin yang mengalami kerosakan 
serta perubahan angin yang tidak tertentu. Pengenaan fungsi Multi-Resolution daripada 
(Ahmad et al., 2014) adalah digunakan untuk menambahbaik kadar penumpuan Optimize 
Relative Step Size Random Search demi meningkatkan jumlah pengeluaran tenaga ladang 
angin secara langsung. Fungsi Multi-Resolution (MR) ini boleh meningkatkan kelajuan 
kadar penumpuan dengan ketara kerana kaedah ini mengusahakan parameter kawalan 
berdimensi dengan beberapa tahap penambahbaikan. Secara khususnya, fungsi ini 
memulakan penambahbaikan dengan parameter kawalan dimensi rendah dan 
meningkatkan jumlah dimensi pada tahap penambahbaikan seterusnya. Oleh itu, usaha 
pengiraan untuk mendapatkan parameter kawalan optimum boleh dikurangkan. 
Walaupun MR-SPSA dikenalkan untuk menyelesaikan masalah berdimensi tinggi secara 
langsung dengan kadar penumpuan yang laju, ia tidak mampu menghasilkan jumlah 
tenaga ladang angin yang optimum. Ini disebabkan, SPSA merupakan kaedah 
penambahbaikan yang tidak mempunyai daya ingatan oleh itu, ia tidak berupaya untuk 
menyimpan parameter kawalan optimum yang dihasilkan. Di samping itu, ORSSRS 
adalah kaedah penambahbaikan yang mempunyai daya ingatan. Justeru, ia bermampu 
untuk menyimpan parameter kawalan optimum sementara menghasilkan 
penambahnaikan yang stabil. Namun demikian, kaedah ORSSRS sendiri tidak mampu 
membekalkan kadar penumpuan yang mencukupi untuk menyelesaikan masalah ladang 
angin secara langsung. Oleh itu, fungsi MR digabungkan demi meningkatkan kadar 
penumpuan kaedah ORSSRS. Dalam kajian ini, prestasi kaedah MR-ORSSRS 
dibandingkan dengan kaedah MR-SPSA dari segi kadar penumpuan, ketepatan dan 
kekukuhan dalam peningkatan jumlah pengeluaran tenaga ladang angin. Hasilnya 
menunjukan kaedah MR-ORSSRS telah menewaskan kaedah penanda aras MR-SPSA 
dari segi kadar penumpuan bagi semua kes kajian. Khususnya, ia telah menambahbaikan 
kadar penumpuan untuk kes perbezaan arah angin antara 170°, 200°, 220°, 240°, 250° 
dan 270°  sebanyak 88.89%, 88.89%, 41.66%, 88.89%, 88.89%  dan 66.67% . 
Sementara itu, 66.67% untuk kes lima turbin angin yang mengalami kerosakan. Selain 
itu, kaedah MR-ORSSRS telah berjaya meningkatkan jumlah pengeluaran tenaga ladang 
angin dalam mengatasi masalah pebezaan arah angin antara 170°, 200°, 220°, 240° dan 
270°  serta kegagalan turbin angin berbanding kaedah MR-SPSA. Dari segi kadar 
penumpuan, MR-ORSSRS juga menghasilkan kadar penumpuan yang lebih laju dalam 
mengatasi masalah perbezaan arah angin sementara kegagalan turbin angin melanda. 
Oleh demikian, ini telah menunjukan kaedah MR-ORSSRS yang dicadangkan adalah 
berkesan untuk menghasilkan jumlah pengeluaran tenaga dengan kadar penumpuan yang 
lebih laju walaupun berlaku kes kegagalan turbin angin dan perubahan angin yang tidak 




This study investigates the performance of Multi-Resolution Optimize Relative Step Size 
Random Search (MR-ORSSRS) based method in maximizing the total power production 
of wind farms. The performance is investigated based on the Horns Rev wind farm layout 
which consists of 80 wind turbines under the case studies of different wind directions at 
170°, 200°, 220°, 240°, 250° and 270°, five wind turbines failures and non-static wind 
variations. The implementation of Multi-Resolution (MR) function is used to improve the 
convergence speed of the Optimize Relative Step Size Random Search in the case of 
maximizing the total power production of a wind farm in real-time optimization. The MR 
function is significant in improving the convergence speed since this approach exploits 
the dimension of the design parameter using several optimization stages. In particular, it 
firstly adopts a small size of design parameter tuning followed by a bigger size of design 
parameter tuning in the following stages. Therefore, it is expected that less computation 
effort is required to obtain the optimal design parameter. Even though the Multi-
Resolution Stochastic Perturbation Simultaneous Approximation (MR-SPSA) is 
developed to solve the real-time high-dimensional problem with faster convergence, the 
obtained total power production of the wind farm is still not optimum. This is because the 
SPSA is a memory-less structure type optimization that limits the storage of the best 
design parameter. Alternatively, ORSSRS based method is a memory type optimization 
structure. Hence, it can store the best design parameter value while producing consistent 
objective function. However, the ORSSRS based method alone does not have the 
sufficient convergence speed to optimize wind farm problem in real time. Therefore, the 
MR function is implemented to improve the convergence speed of the ORSSRS based 
method. In this study, the performance of MR-ORSSRS based method is compared with 
MR-SPSA based method in terms of the convergence speed, accuracy, and robustness in 
maximizing the total power production of Horns Rev wind farm. The results show that 
MR-ORSSRS based method outperforms the benchmark MR-SPSA based method in 
terms of the convergence speed of all the study cases. In particular, it can improve the 
convergence speed of incoming wind direction at 170°, 200°, 220°, 240°, 250° and 270° 
by 88.89%, 88.89%, 41.66%, 88.89%, 88.89% and 66.67%, respectively. However, in 
the case of the five wind turbine failures, the speed of the incoming wind direction is 
66.67% . Moreover, the MR-ORSSRS based method produces better total power 
production for wind direction at 170°, 200°, 220°, 240°  and 270° , as well as wind 
turbines failures compared to the MR-SPSA based method. In term of the convergence 
speed, the MR-ORSSRS based method produces higher convergence speed for all the 
wind direction cases even in the wind turbines failure cases. Hence, it is proven that the 
proposed MR-ORSSRS based method is effective in producing better total power 
production with faster convergence speed even with turbines failure and time-varying 
wind compared to the benchmark MR-SPSA based method. 
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